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INTRODUCTION
The femur is one of the most frequent sites for skeletal metastases. A pathological femoral fracture in a metastatic lesion compromises patients activity and quality of life. Many radiotherapy studies have been reported for bone metastases, and pain control is achieved in 70% to 80% of patients. [1] [2] [3] However, impending fracture cases were excluded in many trials, because patients with high-risk lesions for pathological fracture should be considered for surgical fixation. [4] [5] [6] In clinical practice, on the other hand, surgery is not appropriate in some patients because of the active visceral diseases, multiple bone metastases or poor general condition even with impending fracture. Even in such situations, some of these lesions could be sufficiently healed with recalcification and pain relief was obtained by radiotherapy. The purpose of this study was to clarify the clinical result of radiotherapy for femoral bone metastases from the point of not only pain relief but also radiological healing and fracture prevention by reviewing the clinical charts and radiographs.
MATERIALS AND METHODS
This retrospective study was approved by the Institutional Review Board at Shizuoka Cancer Center Hospital. Usually, a routine plain radiography and bone scan or magnetic resonance imaging study were done in diagnosis. Among them, 12 patients with 12 lesions were considered apparent impending fractures and good candidates for prophylactic surgical fixation. These 12 patients were treated surgically prior to radiotherapy and excluded from this study. Therefore, the remaining 102 lesions in 90 patients were treated with radiotherapy. Among these 90 patients, eighteen were excluded from this study for the following reasons; death within 30 days from the initiation of radiotherapy by disease progression in 12, and loss to follow-up in 6. The remaining 72 patients with 84 lesions were enrolled in this study. Among them, painful metastases were identified in 77 lesions of 66 patients, and the remaining 7 lesions in 7 patients caused no pain. Additional systemic therapies including chemotherapy, hormonal therapy or administration of bisphosphonate were performed in some patients during or after radiotherapy. Patient characteristics were summarized in Table 1 .
Patient characteristics and selection
Median follow-up duration was 5 months (range; 1-28 months). We retrospectively analyzed radiological response, impending and actual fracture after radiotherapy, pain relief and survival for these patients.
Radiotherapy
All radiation treatment plans were conducted using a volumetric competed tomography based three-dimensional treatment planning system. Planning target volume was defined as a tumor volume with a surrounding margin of at least 2-3 cm. Radiotherapy was administered with highenergy photons of 6, 10 or 18 MV 
Radiological evaluation
Initial pattern of bone destruction and radiological responses of the femur were evaluated on plain radiographs. Skeletal metastases present as osteolytic, sclerotic or even normal lesion on plain radiographs. Among 84 lesions, 39 were lytic, 32 were lytic and sclerotic (mixed), 7 were sclerotic, and 6 were undetectable on plain radiograph. Particularly, 6 lesions which were apparently undetectable on plain x-ray were diagnosed by computed tomography or magnetic resonance imaging. There has been no modern consensus as to radiological assessment of skeletal metastasis after radiotherapy. Therefore, we used our original response criteria in this study (Table 2) , which are based on initial radiological appearance, recalcification and structural change on plain radiographs revealing bone remodeling. We divided the responses into four categories; complete response (CR), partial response (PR), no change (NC) and progressive disease (PD). For lytic, mixed, and undetectable lesions on plain radiography before radiotherapy, post-radiotherapy radiographic findings including normalization, sclerosis and regression in size were considered favorable findings.
On the other hand, for sclerotic lesions, normalization and regression in size were considered favorable findings. The representative radiographs are shown in Fig. 1 .
An impending fracture was evaluated according to the Mirels scoring system 6) ( Table 3) . As proposed by Mirels, a cut-off point for impending fracture between 8 and 9 was chosen. Among 84 lesions, 43 lesions were scored more than 8 and categorized as an impending fracture.
Initial and every follow-up plain radiographs were independently assessed by a radiologist and an orthopedic oncologist. When evaluations differed between two observers, the less favorable evaluation was adopted. Therefore, in order to achieve CR, both of the observers had to classify the lesion as CR. As for PR, both observers were required to evaluate either CR or PR.
Assessment of pain relief
We assessed pain relief within one month after completion of radiotherapy. Pain was recorded according to a patient complaints. Pain relief was simply classified into three categories; improved, stable and progressive because of a potentially confounding effect of pain medications for multiple bone metastases or visceral disease. An improved lesion was defined as pain decreased without concomitant increase in analgesic intake. A progressive lesion was defined as pain increase. A lesion which was not classified as either improved or progressive was defined as stable.
Treatment failure
Lesions required surgery after radiotherapy was defined as treatment failure. It contains both actual fracture and lesions considered as virtual fracture with apparent disappearance of bone density and increasing severe pain.
Statistical analysis
The Kaplan-Meier analysis 7) was used to estimate survival probabilities and median survival time. In a case with multiple lesions irradiated, the duration of survival was calculated from the start of radiotherapy for the first lesion. Kappa coefficient was used to determine whether there was significant inter-observer agreement between the radiological response rates. Fisher's exact probability (one-tailed test) was used to determine whether there was siginificant differ- Fig. 1 . Representative Radiographs. a) Radiograph before radiotherapy showed lytic metastasis. b) After radiotherapy, it appeared to be a 'complete filling in' and was categorized as CR. c) Radiograph before radiotherapy showed lytic metastasis. d) After radiotherapy, it appeared to be a 'sclerotic rim' and was categorized as PR. 
RESULTS

Radiological response
Eight lesions (10%) achieved radiological CR and 27 lesions (32%) achieved radiological PR on the plain radiographs. The overall best response rate (CR + PR) was 42% (35 out of 84 lesions). Thirty lesions were classified as NC. Nineteen lesions (23%) were classified as radiological PD in follow-up radiographs. In impending fracture lesions, 15 of 43 lesions (35%) showed a radiological response.
At 3, 6, and 12 months after radiotherapy, 49 patients with 57 lesions, 32 patients with 38 lesions, and 15 patients with 18 lesions were alive and evaluable, respectively. The radiological response rates of the surviving patients at 3, 6, and 12 months from the initiation of radiotherapy were 30%, 45%, and 50%, respectively. The median interval from the start of radiation therapy to the appearance of a favorable radiological response (CR or PR) was 3 months (range, 1-13 months). The assessment of our original criteria demonstrated inter-observer agreement (Kappa coefficient = 0.463, P < 0.01). Administration of systemic therapy (chemotherapy or hormonal therapy), bisphosphonate and primary site are significantly correlated with favorable radiological response (Table 4) .
In 35 radiological responding lesions, 30 had been free from local radiological progression until death or last follow-up visit with a median period of 10 months (2-28 months). The remaining 5 lesions showed regrowth of local disease on plain radiographs after the median duration with response of 6 months (range, 4-9 months).
Treatment failure
Eleven lesions (13%) eventually required surgery and considered as treatment failure. Among them, 8 patients with 8 lesions showed actual fracture. Seven of eight fractured lesions had been initially categorized as impending fracture, and only one of eight lesions as no impending fracture. Fracture rate in impending fracture group (7 of 43; 16%) was significantly higher than that in no impending fracture group (1 of 41; 2%) (P = 0.034). The rest of 3 patients with 3 lesions showed apparent disappearance of bone density with increasing severe pain and were considered as fracture virtually. These lesions required surgery after a median duration of 3 months (range: 0-11 months) from the start of radiotherapy (Table 5 ). There was a significant difference in the treatment failure rate between the radiological PD (8 of 19, 42%) and radiological non-PD group (3 of 65, 5%), (P = 0.001). On the other hand, 38 lesions (93%) out of no impending fracture group and 35 lesions (81%) out of impending fracture group required no surgical interventions.
In 10 lesions among 11 surgically managed lesions, pathological examination of the irradiated bone was performed. No viable tumor cell but degenerating bone fragment was found by pathological examinations in 2 lesions, while the remaining 8 cases evidenced viable tumor cells.
Pain relief
Seven patients had no pain before the initiation of radiotherapy. In the remaining 77 lesions, 36 lesions (47%) were classified as improved, 36 lesions (47%) as stable, and 5 lesions (6%) as progressive. There was no correlation between radiological response and pain relief (P = 0.166).
Survival
The overall median survival was 7 months (95% confidence interval was 4-9 months). The 6-and 12-month esti- 
DISCUSSION
Although there were many reports concerning pain relief of radiotherapy, other therapeutic effects such as prevention of pathological fractures and radiological healing have not been well documented. In this study, 42% of irradiated lesions showed a radiological response. Without metastatic cells, bone resorption and formation are balanced and maintained dynamically. Metastatic bones present as osteolytic, osteoblastic or mixed, and are caused by a disorder of this mechanism due to metastatic cancer cells. Thus, radiological remodeling of the irradiated bone means the favorable therapeutic effect of radiotherapy. In addition, there is a clear relationship between reduced bone density and increased fracture risk.
8) Therefore, it is important for oncologists to radiologically assess bone healing of the radiotherapy. Previously there were some response criteria for skeletal metastasis, but they do not meet the needs of oncologists and use in practice. [9] [10] [11] Recently, Hamaoka et al. 12) proposed response criteria based on structural changes for metastatic bone from breast cancer. Their criteria cover not only local changes but also the findings of whole-body skeletal scintigram. If a new lesion appears, the criteria categorize progressive disease regardless of the local response. Thus, although Hamaoka's criteria are appropriate to assess the therapeutic effect by systemic chemotherapy, they are not appropriate for the assessment of radiotherapy. Therefore, we used original criteria in this study based on initial radiological appearance, recalcification and size change by plain radiographs.
There are more sensitive imaging modalities such as computed tomography, magnetic resonance imaging or positron emission tomography. In addition, several reports have used computed-tomography to assess the therapeutic effect of skeletal metastasis. [13] [14] [15] In the present study, we evaluated the response with plain radiography because: 1) The cost of plain radiography is far lower than other diagnostic modalities, and plain radiography seems most convenient. 2) Plain radiography is suitable for evaluating impending fractures and pathological fractures. 3) Structural change of the femoral bone is easier to assess by plain radiography than axial bones.
Matsubayashi et al. 16) reported that recalcification following irradiation confirms the success of the treatment. In the majority of radiological responders (29 of 35) in this study, additional systemic therapy was administered during or after radiotherapy. It is considered that the systemic therapy may have added a local anti-tumor effect. Another explanation is that the patients with systemic therapy could have survived longer than the patients without systemic therapy, so the chance of recalcification or favorable structural change would have been increased during their prolonged remaining lifetime. In fact, the longer the follow-up duration, the better the response rates observed.
In 54% of radiological responders (19 of 35), bisphosphonate was administered during or after radiotherapy. Bisphosphonate is now becoming the treatment of choice for skeletal metastasis, because of its ability to inhibit osteoclast-mediated bone destruction. 17) Recent research reported evidence from preclinical research showing that bisphosphonates also exhibit antitumor activity, both in vitro and in vivo. 18) Our study also supported the efficacy of bisphosphonate in the management of patients with skeletal metastasis.
In this study, 11 of 84 lesions (13%) eventually required surgery due to fractures. Fracture rate in this cohort is comparable to previous published data. 19) The treatment failure rate in the radiological PD group was significantly higher than in the radiological non-PD group. Both fractured patients in the non-PD group (one CR and one NC) showed no viable tumor cells by pathological examinations. Matsubayashi et al. 16) described the process of remodeling. Once a lesion has been mineralized to a maximum, it begins to be remodeled and to regain its normal bone structure. The course of remodeling takes nearly one year. Radiotherapy was considered effective in these cases but fracture occurred before the remodeling had been completed. Another explanation is that osteoporosis, bone-marrow fibrosis or osteonecrosis which occurred due to radiotherapy decreased bone flexibility and fractures occurred. 20) Generally speaking, metastatic lesions with a high risk of fracture often require surgical stabilization, although lowrisk lesions can be treated by radiotherapy with or without systemic therapy. In the no impending fracture group, treatment failure occurred in only 7% (3 of 41) of the patients. Therefore, we conclude that most of the patients without impending fracture are adequately managed by radiotherapy, and should be treated accordingly.
In this study, patients with poor general condition or poor performance status were treated by conservative treatment with radiotherapy even with an impending fracture. Our study revealed that 35% of the lesions with the impending fracture, responded to radiotherapy and only 19% (8 lesions) of the lesions required surgery. Thus, the risk of pathological fracture could be decreased by radiotherapy, and surgery was not always necessary for all impending fracture patients. The appropriate radiotherapy and physiotherapy would be an alternative treatment in these situations. On the other hand, lesions with impending fracture and radiological PD on follow-up radiographs had a fracture rate of as high as 46% (6 of 13). If the general condition is sufficient for surgery, these patients should be treated by prophylactic internal fixation.
A previous publication reported that radiological recalcification is not correlated to pain relief. 14) Also, in this cohort, there was no correlation between radiological response and pain relief. Therefore, it is important to assess radiological response and pain relief independently.
In conclusion, our data suggest that radiotherapy can enable bone healing and avoid surgery for femoral metastases during their remaining lifetime by radiotherapy. Initial and follow-up radiological assessments correlated fractures and were useful in predicting fracture.
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